were analyzed for acute toxicity. Two in vivo toxicity tests, Acute Oral Toxicity (AOT) and Primary Skin Irritation (PSI), were performed using Sprague Dawley rats and New Zealand Albino rabbits, respectively. The leachate samples were also analyzed chemically for nitrate and phosphate, ammonia-nitrogen, Kjeldahl-nitrogen and Chemical Oxygen Demand (COD). Results from both the AOT and PSI tests showed that the leachate did not contribute to acute toxicity. The AOT test yielded a negative result: no effect was observed in at least half of the rat population. The PSI test on rabbits produced effects only at a leachate concentration of 100%. However, the skin irritation was minor, and the test returned a negative result. The four chemical tests showed high levels of nutrient pollution in the leachate. The nitrate and phosphate concentrations were 2.1 mg/L and 23.6 mg/L, respectively. Further, the ammonia-nitrogen concentration was 1,000 mg NH 3 -N/L the Kjeldahl-nitrogen level was 446 mg NH 3 -N/L, and the Chemical Oxygen Demand was 1,300 mg/L. The in vivo toxicity and chemical analyses showed that the leachate is polluted but not acutely toxic to organisms.
INTRODUCTION
In Malaysia, open dumping sites are still common; only a few managed sanitary landfills are being built around the country. It is well-known that sanitary landfills manage solid waste more efficiently than open dumping sites due to technology such as liner systems, leachate-collection systems, biomass gas control systems and environmental management systems (Crawford & Smith 1985) .
Previous literature has shown that the toxicity of leachate can be determined by various tests, either in vivo or in vitro (Houk 1992 ). An in vivo test is where subjects (animals and plants) are exposed to a potentially toxic environment, while an in vitro test is where specific cell lines are exposed to samples (such as leachate, hospital wastewater, or effluent) at a given concentration. For example, Salmonella cells are used in the Ames Test (Houk 1992) .
Toxic effects are divided into two categories, acute and chronic. The acute toxicity of a substance is its likelihood to cause either local damage (e.g. to the skin or eyes) or systemic damage (affecting the body as a whole) as a result of brief exposure to relatively large amounts of the substance. This type of exposure is sudden and often produces an emergency situation. Chronic toxicity is the likelihood of a substance to cause damage as a result of repeated exposure to relatively small amounts over a prolonged time period, such as the repeated consumption of contaminated food or water. Chronic toxicity usually does not produce effects until exposure has continued for some time (National Research Council 1991) .
In investigating the toxicity of any sample, especially environmental samples, acute toxicity is the first thing to be studied. These results might give first-hand information as to whether the sample has the potential of being toxic upon sudden exposure or consumption. After that, proceeding with tests for chronic toxicity is often appropriate.
Accordingly, in the present study, leachate samples were tested for acute toxicity by in vivo toxicity tests. 
Laboratory analysis
Laboratory analyses consisted of both in vivo toxicity and chemical tests. Thirty-five Sprague Dawley rats were divided into four groups as shown in Table 1 and were acclimatized for five days prior to the test. After the acclimatization period, food was withheld from the rats for 24 hours, and the AOT test was carried out on the sixth day. The rats were fed only once with leachate samples in one of three concentrations (100%, 50% or 25%), as shown in Table 1 . Normal saline was used as the negative control. After exposure to the samples, observations took place at 1, 3, and 24 hours, and thereafter every day for 14 days. The rats were fed with food and water after the first three hours of observation.
Clinical forms were used to record their physical characteristics, during the 14-day period. The rats were weighed on the first, seventh and fourteenth days to identify any changes. On the fifteenth day, a necropsy was performed on the Sprague Dawley rats to detect any physiological changes in their organs.
(ii) Primary skin irritation (PSI) test. The PSI test was carried out using the standard protocol A-3-PSI-ISO 10993. Six New Zealand White Rabbits were used as test subjects. The day before the test, the rabbits were shaven on their dorsal sides to expose the skin where the leachate sample would be placed. The skin was examined to ensure there was no bruising before the test was conducted.
The following day, the rabbits were weighed, and their skin was marked to indicate the position of the dose sites.
Whatman filter papers (1 inch £ 1 inch) were dipped into the leachate and patched onto the marked dose sites.
The leachate doses were given in three concentrations:
100%, 50% and 25%. Figure 3 shows the positions of the patches on the rabbit's skin. The skin on the right side of the patch area was abraded, and the left side was not.
After patching the samples, the application sites were wrapped with gauze cloth, surgical tape and rubberized material to prevent movement of the samples. The patches were removed after 24 hours. After removal, observations were performed over the course of an hour, and repeated at 24, 48 and 72 hours. The goal of the observations was to 
RESULTS

In vivo toxicity tests (a) Acute oral toxicity (AOT) test
The clinical reviews indicated that most of the Sprague Dawley rats showed physical changes in terms of motor activity; specifically, slow reactions to stimulation.
For example, the rats would initially run when grabbed suddenly, but after exposure to the leachate they moved more slowly and exhibited malaise. The average weight of the rats increased steadily throughout the 14 days of observation, with no sign of weight loss (see Figures 4 and 5 ).
In addition, the fur on some of the rats also showed changes. Fur differences were noted on one male (Male No.5_Leachate 50%) and two females (Female No.1 and 2_Leachate 50%). The same male rat also showed respiratory changes; his breathing became rapid and shallow starting on the eleventh day and continued until the last day of observation.
After the necropsies were performed, eight organs (the brain, spleen, liver, heart, pancreas, lungs, kidneys and stomach) were examined for differences in size, color and appearance between the leachate-fed rats and the negative controls. Among the treated rats, only one (Male No.5_Leachate 50%) showed a change: one lung was enlarged and lobulated compared to the negative control rats (Figure 6 ).
After examination, the organs were weighed, and the average weights were calculated. The lungs showed the most significant results out of all eight organs. As shown in Figure 7 , the average weight of the lung per body weight (g/kg) for the male rats fed with 50% leachate was 12.97 g/kg, which is almost 80% higher than the negative control male population. This could be explained by the lobulated lung shown in Figure 6 , which came from one of the male rats in the 50% leachate sample group. This The AOT test is categorized as LD 50 , which means that the test only yields a positive result if the sample severely affects 50% of the test subjects. Just a few of Sprague Dawley rats were biologically affected, which is clearly less than 50%. Even though most of the rats showed slow reactions to stimulation, the outcome was not severe.
Primary skin irritation test
The average scores for primary skin irritation were determined using the rating system shown in Table 2 .
A score of 1 indicated light erythema or edema while a score of 4 indicated severe cases. Undetectable skin irritation was given a score of 0. The average skin irritation (min) scores were used to determine the Primary Skin Irritation Index, as shown in Table 3 . This index value was used as the overall outcome of the PSI test. The index values for the three leachate concentrations were compared with values from the Classification of Skin Irritation, as shown in Table 4 . In this study, doses of 100% leachate caused only slight irritation to the skin of New Zealand White rabbits. The other two leachate concentrations had no effect on the test subjects.
Chemical testing
The results of the four chemical assays are shown in In the present study, the AOT test showed that the leachate was not acutely toxic towards Sprague Dawley rats, as only a few of the rats were affected. Even though most of the rats showed slow responses to stimulation after ingesting the leachate, the effects was not considered severe. Two female rats fed with the 50% leachate solution showed fur changes. Their white, soft fur became a bit yellowish and coarse. One male rat from the same treatment group had similar fur changes. The same male rat showed rapid and shallow breathing from the eleventh day until the last day of observation, and the necropsy revealed a lobulated lung. Table 4 , 100% leachate caused slight irritation to the skin of the rabbits, while the other two concentrations had no effect.
Based on the ammonia -nitrogen assay, the ammonia concentration (1,000 mg NH 3 -N/L) indicates high levels of toxicity. However, even though this concentration appears high, it is still below the level producing toxic effects However, the toxicity of the leachate should be explored further. Since this study showed that the leachate did not produce acute toxicity, more research should be conducted to determine the possible chronic toxicity of the leachate. It is known that one of the major toxicants in landfills is ammonia (McBride et al. 1979; Cameron & Koch 1980; Clemment & Merlin 1995) , and given the high ammonia concentrations measured in this study, it is important to determine the potential for chronic toxicity.
Chronic toxicity is relatively more dangerous than acute toxicity. Chronic symptoms often go undetected for longer periods after exposure has occurred, when it is too late to prevent damage. Cancer is an excellent example of chronic toxicity, which is caused by toxic substances called carcinogens. A thorough understanding of the toxicity of raw landfill leachate is vital, and research using in vivo and in vitro tests for both acute and chronic toxicity is necessary.
More information is needed to increase our understanding of leachate's toxic effects, not only for our benefit but also for the sake of future generations.
